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PolyphenolsThe present work evaluated the concentration of total soluble phenolic compounds (TSPCs) and antioxidant
activity (AOA) of rice grains with light brown, red and black pericarp colors and the processing effect on the
concentration of TSPCs in the grain. Brown rice grains of ten ecotypes and six cultivars with red pericarp, one
with a black pericarp and one with a light brown pericarp color, were evaluated. The concentration of TSPCs
and AOA of rice grains with different processing (brown, polished, parboiled brown and parboiled polished)
was determined, and the concentration of TSPCs was also determined in raw and cooked grains. Signiﬁcant
differences were observed in the concentrations of TSPCs and AOAs among genotypes with higher values
obtained for grains with red and black pericarp colors, and a positive and signiﬁcant correlation between
these parameters was found. Parboiling reduced the TSPCs concentration in the grains due to the loss of
part of them in the processing water, thermal decomposition and, possibly, interaction with other compo-
nents. This reduction is related to the lower AOA in these grains. In a similar way, cooking also reduced the
concentration of TSPCs, especially in brown and polished grains.azoline-6-sulfonate); AOA, an-
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Phenolic compounds (polyphenols) are found in a variety of foods,
including fruits, vegetables and grains, and the concentrations and
types of compounds vary among different foods due to genetic fac-
tors, environmental factors and processing conditions (Kris-Etherton
et al., 2002). Therefore, the quantity of polyphenols in the diet is di-
verse, depending on the type and quantity of food consumed.
Rice, one the main foods in the diet of most populations, may
have an important role in the concentration of antioxidants ingested
daily. Several compounds have already been identiﬁed in this cereal,
mainly phenolic acids and anthocyanins (Chen et al., 2006; Goffman
& Bergman, 2004; Hu, Zawistowski, Ling, & Kitts, 2003; Hudson,
Dinh, Kokubun, Simmonds, & Gescher, 2000; Oki et al., 2002; Tian,
Nakamura, & Kayahara, 2004; Yawadio, Tanimori, & Morita, 2007;
Zhou, Robards, Helliwell, & Blanchard, 2004). Researchers have dem-
onstrated a positive correlation between the concentration ofphenolic compounds and the antioxidant activity (AOA) (Goffman
& Bergman, 2004; Zhang et al., 2006), which was also observed for
other foods rich in these compounds.
Similar to other cereal grains, the phenolic compounds in rice exist
in the soluble and insoluble (bound) form, with the soluble form
representing 38% (Adom & Liu, 2002) to 60% (Mira, de Massaretto,
Pascual, & Lanfer-Marquez, 2009) of the total polyphenols content
in light brown rice grains, and around 81% in red and black pericarp
color grains (Mira et al., 2009). The type and concentration of poly-
phenols in the rice grain vary among genotypes and are related main-
ly to the pericarp color. Normally, grains with red and black pericarp
colors have a higher concentration of phenolic compounds compared
to those with a light brown pericarp color (Tian et al., 2004; Zhou
et al., 2004). Furthermore, the concentration of these compounds is
also affected by processing. In rice, polyphenols are mainly associated
with the pericarp, which is removed during processing to obtain
polished grains. This is the main way rice is prepared for consumption
in Brazil, reducing the concentration of these compounds in the grain
(Hu et al., 2003; Zhou et al., 2004). Rice can also be hydrothermally
treated in a process known as parboiling, resulting in parboiled rice,
and rice is cooked before its consumption. Little is known about the
effect of these two procedures on the polyphenols in the grain.
Thus, the present work evaluated the concentration of total solu-
ble phenolic compounds (TSPCs) and AOA of rice grains with light
brown, red and black pericarp colors and the effect of processing on
the concentration of phenolic compounds in the grain.
Table 1
Concentration of TSPCs and AOA of brown rice grains with light brown, red and black
pericarp colors.
TSPCs (mg GAE 100 g−1)1 AOA (mmol TE g−1)2
Irga 4173 65.14±0.95j 4.70±0.38f
Epagri4 794.88±4.67de 62.57±2.61abc
PB 14 761.30±7.42f 64.13±4.13abc
PB 44 825.00±6.14cd 65.65±2.93abc
PB 54 684.63±13.15g 60.24±0.70bc
PB 114 771.23±8.82ef 66.58±1.35ab











IAC 6005 943.98±25.46ab 60.04±2.07bc
1TSPCs expressed as mg GAE per 100 g grain, dry basis; 2AOA expressed as mmol TE per
g grain, dry basis; 3light brown pericarp color; 4red pericarp color; 5black pericarp
color; results expressed as means±standard deviations; and means followed by the
same letter in the column do not differ signiﬁcantly by Tukey's test at 5% of error
probability.
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2.1. Experimental material
Rice grains were cultivated in a ﬁeld experiment in the 2006–2007
growing season with equal growing conditions in the experimental
area of the Agriculture Department of Universidade Federal de Santa
Maria, Santa Maria, RS, Brazil.
The cultivated rice included the following: ten rice ecotypes (ge-
netically distinct geographic rice varieties) with a red pericarp color
from different regions of Rio Grande do Sul state collected by re-
searchers from the Instituto Rio Grandense do Arroz (IRGA), called
Ec1A, Ec1B, Ec2A, Ec2B, Ec2C, Ec2D, Ec3A, Ec3B, Ec3C and Ec4A; ﬁve
rice cultivars with a red pericarp color from the northeast region of
Brazil collected by researchers from Embrapa Meio-Norte, called
PB1, PB4, PB5, PB11 and PB13; one rice cultivar with a red pericarp
color from Empresa de Pesquisa Agropecuária e Extensão Rural de
Santa Catarina (Epagri), called Epagri; one rice cultivar with a black
pericarp color from Instituto Agronômico Campinas (IAC), called IAC
600; and one rice cultivar with a light brown pericarp color from
IRGA, called Irga 417.
After harvest, the grains were dried to 13%±1% of moisture at a
grain mass temperature below 40 °C. For each ecotype and cultivar,
the starting material was around 10,000 g. These samples were divid-
ed in 1000 g samples for the various processing conditions, resulting
in samples of around 800 g after each processing. These samples
were further subdivided in samples of 200 g used for the laboratory
analyses.
2.2. Grain processing
For the laboratory analyses, the grains were processed in different
ways as follows: brown, polished, parboiled brown and parboiled
polished. The grains were evaluated both raw and cooked. To obtain
the brown grains, grains were dehulled, and the absence of lines in
the grains was observed, indicating that no bran was lost during pro-
cessing. To obtain the polished grains, the dehulled grains were
polished to remove the external layers of the grain (bran). Rice was
parboiled according to the adapted methodology of Elias, Rombaldi,
Silva, Nora, and Dias (1996). The grains with the hull were soaked
(grain mass:water volume ratio 1:1.5) in heated water at 65 °C
±2 °C for 300 min and autoclaved at 116 °C±1 °C (pressure 0.6 kPa±
0.05 kPa) for 10 min. After this treatment, the samples were dried to
13%±1% moisture at a grain mass temperature below 40 °C. To ob-
tain the parboiled brown rice, the grains were dehulled, and to obtain
the parboiled polished rice, grains were dehulled and polished. To
evaluate the cooked rice, the grains were cooked in a grain mass:
water volume ratio of 1:2.5 for 30 min and then dried at 50 °C. The
grains were ground to obtain the right particle size for the analyses.
2.3. Laboratory analyses
To evaluate the concentration of TSPCs and AOA, the samples were
extracted according to the modiﬁed methodology of Iqbal, Bhanger,
and Anwar (2005) and Pérez-Jiménez and Saura-Calixto (2005). A
one-gram sample was homogenized with 20 mL of 80% methanol in
a 50 mL Falcon tube and agitated for 1 h at room temperature. After
this period, the sample was centrifuged for 10 min at 3000 rpm, and
the supernatant was separated. To the remaining residue, 20 mL of
80% methanol (pH 2.0) was added, and the same procedure of agita-
tion, centrifugation and separation of the supernatant was completed.
To this residue, 20 mL of 70% acetone was added, and the same proce-
dure of agitation, centrifugation and separation of the supernatant
was completed. The three supernatants were mixed and used for
the analysis of TSPCs and AOA. The extractions were performed in
triplicate.The TSPCs were quantiﬁed by the Folin–Ciocalteu methodology
(Iqbal et al., 2005; Singleton, Orthofer, & Lamuela-Raventós, 1999).
An 80-μL aliquot of the extract (sample) was diluted in 2 mL of dis-
tilled water, and 200 μL of 0.25 N Folin–Ciocalteu reagent was
added. After 3 min, 1 mL of 7.5% sodium carbonate was added. The re-
action mixture was incubated for 2 h at room temperature in the dark
to complete the reaction. The absorbance was measured in a spectro-
photometer at 765 nm. At the same time, a blank containing metha-
nol instead of the sample was analyzed. A gallic acid standard curve
was used, and the results were calculated as the gallic acid equivalent
(mg GAE) per 100 g grain (dry basis). The reactions were performed
in triplicate, and the mean value was obtained.
The AOA was quantiﬁed by the measurement of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity (Brand-Williams,
Cuvelier, & Berset, 1995). Before running the reaction, the spectro-
photometer was blanked with methanol, and the DPPH solution was
diluted with methanol to reach an absorbance of 1.1±0.02 at
515 nm. To 100 μL of the extract (sample), 1.9 mL of the DPPH solu-
tion was added. A blank was simultaneously prepared with 100 μL
of methanol. The reaction mixture was incubated for 24 h at room
temperature in the dark to complete the reaction. The absorbance
was measured in a spectrophotometer at 515 nm. When the absor-
bance was below 0.2, the samples were diluted and reanalyzed. The
AOA was calculated as a 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) equivalent (mmol TE) per g of grain by com-
parison to a standard curve. The reactions were performed in tripli-
cate, and the mean value was obtained.
2.4. Experimental design and statistical analysis
The experiment was conducted in a completely random design.
The obtained results were evaluated by analysis of variance, and the
means were compared by Tukey's Test at a 5% error probability.
3. Results and discussion
The concentration of TSPCs differed signiﬁcantly among the geno-
types (Table 1). Higher concentrations of TSPCs were observed for the
grains with red and black pericarp colors, which were 7 to 15 times
higher than the TSPCs concentrations of grains with a light brown
pericarp color. Similar results were obtained by other researchers.
Table 2
Concentration of TSPCs in rice grains with light brown, red and black pericarp colors
with different processing.
Brown Polished Parboiled brown Parboiled polished
Irga 4171 A65.14±0.95g C24.79±0.05f B33.46±0.08f C25.69±0.40e
Epagri2 A794.88±4.67cd C63.85±0.87a B214.38±10.69b C63.13±0.08b
PB 12 A761.30±7.42e C36.58±1.04e B173.20±19.62c C35.47±1.31de
PB 42 A825.00±6.14bc C42.40±0.72c B179.53±9.28c C40.94±0.95cd
PB 52 A684.63±13.15f C24.77±0.93f B89.14±5.32e C29.50±0.73de
PB 112 A771.23±8.82de C39.40±0.93d B154.44±5.45cd C36.79±0.10de
PB 132 A837.65±10.05b C57.93±1.63b B143.97±1.36d C51.36±0.38bc
IAC 6003 A943.98±25.46a D40.03±0.77cd B634.75±3.15a C137.87±11.73a
1Light brown pericarp color; 2red pericarp color; 3black pericarp color; TSPCs
expressed as mg GAE per 100 g grain, dry basis; results expressed as means±
standard deviations; means followed by the same capital letter on the line and the
same small letter in the column do not differ signiﬁcantly by Tukey's test at 5% of
error probability.
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213 and 274 mg GAE 100 g−1 for light brown, red and black pericarp
color rice grains, respectively, while Shen, Jin, Xiao, Lu, and Bao
(2009) reported mean concentrations of 151.8, 470.1 and 1055.7 mg
GAE 100 g−1 for light brown, red and black pericarp color grains,
respectively.
Several phenolic compounds have already been identiﬁed in rice.
While grains with light brown pericarp color present mainly phenolic
acids, especially ferulic and ρ-coumaric acids (Tian et al., 2004; Zhou
et al., 2004), in those with red and black pericarp color prevail com-
pounds with higher molecular weight, mainly the anthocyanins
cyaniding-3-O-β-D-glucoside and peonidin-3-O-β-D-glucoside
(Chen et al., 2006; Hu et al., 2003; Oki et al., 2002; Yawadio et al.,
2007; Zhang et al., 2006). This difference may account for the higher
content of polyphenols in the grains with red and black pericarp
colors. In addition to the difference in the concentration of phenolic
compounds related to the pericarp color, variation was also observed
in the concentration of these compounds in grains with the same
pericarp color. For example, the grains with a red pericarp color had
concentrations that varied between 478.72 mg GAE 100 g−1 and
972.99 mg GAE 100 g−1, suggesting variation in this characteristic
within the group. Goffman and Bergman (2004) also observed this
variation, with concentrations of polyphenols varying from 25 to
246 mg GAE 100 g−1 for light brown, 34 to 424 mg GAE 100 g−1 for
red, and 69 to 535 mg GAE 100 g−1 for black pericarp color grains.
The variation within the group with the same pericarp color was
also reported by Shen et al. (2009), with concentrations varying
from 108.1 to 251.4 mg GAE 100 g−1, 165.8 to 731.8 mg GAE
100 g−1, and 841.0 to 1244.9 mg GAE 100 g−1 for light brown, red
and black pericarp color rice grains, respectively. A number of re-
searchers have demonstrated the AOA of phenolic compounds from
different sources. In this work, the AOA, expressed as the TE, differed
signiﬁcantly among the genotypes (Table 1). A lower AOA was ob-
served for the rice grains with a light brown pericarp color, which
was 8 to 14 times lower than the AOA observed for the grains with
red and black pericarp colors, indicating a difference in the AOAs of
the grains depending on pericarp color. Higher AOAs for rice grains
with red and black pericarp colors were also observed by Goffman
and Bergman (2004) using DPPH assay, and Shen et al. (2009) using
an 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) assay.
Similar to the concentrations of TSPCs, a variation in the AOA in
grains with the same pericarp color was observed. The AOAs in grains
with a red pericarp color varied between 37.19 mmol TE g−1 grain
and 68.83 mmol TE g−1 grain, demonstrating AOA variability within
the group. Variation in the antioxidant activity of rice grains with
the same pericarp color was also observed by Goffman and BergmanFig. 1. Correlation between the AOA and concentration of TSPCs in brown rice grains
with light brown, red and black pericarp colors. TSPCs expressed as mg GAE per
100 g grain, dry basis. AOA expressed as mmol TE per g grain, dry basis.(2004), who reported antiradical efﬁciencies from 10.0 to 13.1 μm
TE g−1 for light brown, 197.8 to 312.3 μm TE g−1 for red, and 56.3
to 345.3 μm TE g−1 for black pericarp color rice grains.
The AOAs of the extracts obtained were positively and signiﬁcant-
ly correlated (R2=0.9099) with the concentrations of TSPCs (Fig. 1),
indicating that these compounds were the main components respon-
sible for the AOA in the extract of the rice grains evaluated. A similar
correlation for rice grains was observed by Goffman and Bergman
(2004), Oki et al. (2005) and Shen et al. (2009). A correlation was
also observed for other foods, such as mulberries, blackberries, ﬂax-
seed, wheat, oats, ginseng and others (Adom & Liu, 2002; Céspedes,
El-Haﬁdi, Pavon, & Alarcon, 2008; Choi, Jeong, & Lee, 2007; Velioglu,
Mazza, Gao, & Oomah, 1998). In vitro and ex vivo assays have demon-
strated a correlation between AOA and the reduction of oxidative
stress in extracts obtained from rice grains with red and black peri-
carp colors. Different effects were observed, such as aid in the preven-
tion of cancer (Chen et al., 2006; Hu et al., 2003; Hudson et al., 2000;
Hyun & Chung, 2004), control of blood lipids and related diseases
(Ling, Cheng, Ma, & Wang, 2001) and the prevention of diabetic com-
plications (Morimitsu et al., 2002; Yawadio et al., 2007), suggesting
that rice grains with higher concentrations of phenolic compounds
may have beneﬁcial effects on health, as observed for other foods
rich in polyphenols. However, more research is required to conﬁrm
this possible beneﬁcial effect of rice in vivo.
To evaluate the effect of processing on the concentration of phe-
nolic compounds in rice, brown, polished, parboiled brown and par-
boiled polished rice grains were analyzed (Table 2).
Polishing signiﬁcantly reduced the concentration of TSPCs in all
genotypes (Table 2). The distribution of polyphenols in the rice grainsFig. 2. Distribution of TSPCs in rice grains with light brown, red and black pericarp
colors. TSPCs expressed as mg GAE per 100 g grain, dry basis; light brown pericarp
color: Irga 417; red pericarp color: Epagri, PB1, PB4, PB5, PB11, PB13, Ec1A, Ec1B,
Ec2A, Ec2B, Ec2C, Ec2D, Ec3A, Ec3B, Ec3C, Ec4A; black pericarp color: IAC600.
Table 3
AOA of rice grains with light brown, red and black pericarp colors with different
processing.
Brown Polished Parboiled brown Parboiled polished
Irga 4171 A4.70±0.38b B3.78±0.02g B3.88±0.03e B3.80±0.04f
Epagri2 A62.57±2.61a C6.41±0.07b B34.25±1.95b C4.82±0.18e
PB 12 A64.13±4.13a C4.82±0.04e B31.22±0.62b C5.01±0.04de
PB 42 A65.65±2.93a C5.08±0.05d B31.72±0.47b C5.08±0.01cde
PB 52 A60.24±0.70a D4.34±0.01f B25.76±0.08c C5.63±0.03b
PB 112 A66.58±1.35a C4.65±0.05e B18.93±0.24d C5.20±0.05cd
PB 132 A61.55±2.96a C5.66±0.04c B18.02±0.55d C5.35±0.06bc
IAC 6003 A60.04±2.07a D6.95±0.03a B50.04±1.45a C13.92±0.02a
1Light brown pericarp color; 2red pericarp color; 3black pericarp color; AOA expressed
as mmol TE per g grain, dry basis; results expressed as means±standard deviations;
means followed by the same capital letter on the line and the same small letter in
the column do not differ signiﬁcantly by Tukey's test at 5% of error probability.
Fig. 3. Effect of cooking on the concentration of TSPCs in rice grains with light brown, red an
grain, dry basis; light brown pericarp color: Irga 417; red pericarp color: Epagri, PB1, PB4, P
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brown pericarp color, 62% of the phenolic compounds were in the
pericarp, whereas in the grains with red and black pericarp colors,
the phenolic compounds in the pericarp varied between 92% and
97% (Fig. 2). Similar results were reported by Zhou et al. (2004) and
Hu et al. (2003), with the bran accounting for 70 to 90% of the pheno-
lic acids in light brown pericarp color grains, and around 85% of the
anthocyanins in black pericarp color rice grains. The results demon-
strate that the phenolic compounds in rice are mainly associated
with the pericarp. Therefore, polishing, which removes the external
layers of the grain, signiﬁcantly reduces the concentration of TSPCs
in polished rice grains.
Parboiling is another process used in the industrialization of rice.
In this process, the grains with a hull are soaked in warm water
(65 °C±2 °C) for 300 min, autoclaved (116 °C±1 °C) for 10 min,d black pericarp colors with different processing. TSPCs expressed as mg GAE per 100 g
B5, PB11, PB13; black pericarp color: IAC600.
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polished rice grains. For the parboiled brown grains, a signiﬁcant re-
duction in the concentration of TSPCs was observed compared to
brown rice (Table 2), with a reduction of 48.6% for light brown peri-
carp color grains, 73.0% to 87.0% for red pericarp color grains and
32.8% for black pericarp color grains. This reduction in the concentra-
tion of polyphenols in the parboiled brown grains is related to the loss
of phenolics in the water during parboiling, thermal decomposition or
interactions with other components of the grains.
The polyphenols are water soluble due to their chemical charac-
teristics. Therefore, a portion of these compounds may be solubilized
in the parboiling water. Concentrations of phenolic compounds be-
tween 10.77 mg GAE and 39.24 mg GAE (from the parboiling of
100 g of rice grains with the hull) were observed in the parboiling
water, demonstrating that a small part of the reduction in the poly-
phenol concentration in the parboiled grains is due to the loss of poly-
phenols in the water.
The effect of parboiling temperature on polyphenols should be
considered because parboiling is a thermal process. Several studies
have demonstrated that phenolic compounds from different foods
suffer decomposition under high temperatures, and this effect de-
pends on the temperature, time of processing, type of compounds in
the sample and other conditions (Larrauri, Rupres, & Saura-Calixto,
1997; Piga, Del Caro, & Corda, 2003). This decomposition results in
the reduction of the polyphenol concentration, as observed in the
present work for parboiled grains.
The possibility of interaction of the phenolic compounds with
other components of rice should also be considered. The parboiling
process results in a reorganization of the internal structure of the
grains, mainly of starch and proteins. The polyphenols are also affect-
ed by the formation of complexes, especially with proteins, which
makes the compounds unavailable. Consequently, a reduction in
polyphenol concentration in the parboiled grains was observed be-
cause the methodology used quantiﬁed soluble phenolic compounds.
In contrast, when the parboiled polished grains were compared to
the polished grains, no signiﬁcant difference was observed in the con-
centration of TSPCs for most of the genotypes (Table 2). Most of the
polyphenols (62% to 97%) in the rice grains are in the external layers
of the grain that are removed during polishing, with a small concen-
tration of these compounds left in the polished grains, potentially
explaining the similar results. However, the exception was the geno-
type with a black pericarp color (IAC 600), which presented a concen-
tration of phenolic compounds signiﬁcantly higher in the parboiled
polished grains compared to the polished grains. This result, which
differs from the other genotypes, was obtained because during the
polishing of the parboiled grains with black pericarp color, it was
not possible to completely remove the external layer of the grain con-
taining the polyphenols. A light purple color remained in the grains
indicating the presence of polyphenols in the parboiled polished
grains.
The different processing of the grains also affected AOA (Table 3),
which was similar to the effect on TSPCs, with a signiﬁcant correlation
detected between the concentration of TSPCs and AOA in the grains
(R2=0.9458). Therefore, independent of the type of processing, the
AOA of the extracts obtained from rice grains is correlated with the
presence of phenolic compounds.
In addition to the processing during industrialization, cooking of
the grains before consumption should also be considered. Therefore,
the polyphenol concentration of the rice cultivars was evaluated in
raw and cooked grains (Fig. 3). The brown and polished grains were
affected the most by cooking. When compared to the TSPCs concen-
tration in raw grains, the cooked brown grains displayed a reduction
between 20.9% and 72.0%, and the cooked polished grains had a re-
duction between 39.6% and 62.2%. In the parboiled grains, the effect
was smaller, with a reduction between 12.0% and 32.6% for cooked
parboiled brown grains and between 15.1% and 27.8% for cookedparboiled polished grains. This reduction in the concentration of poly-
phenols after cooking is related to the thermal decomposition, be-
cause phenolic compounds are affected by high temperatures
(Larrauri et al., 1997; Piga et al., 2003), as previously discussed. The
reduction in polyphenol concentration after cooking was not as
great in the parboiled grains as in the brown and polished grains be-
cause those grains had already been through a hydrothermal process
(parboiling) before cooking with the loss of part of the phenolic com-
pounds. The effect of cooking was also reported by Pérez-Jiménez and
Saura-Calixto (2005). Evaluating a single sample of rice, they ob-
served a reduction of 84.16% in the total phenolic content after
cooking.
4. Conclusions
Together, these data suggest that there is a signiﬁcant difference in
the concentration of TSPCs and in AOAs among genotypes with higher
values for the grains with red and black pericarp colors. Furthermore,
a positive and signiﬁcant correlation between the TSPCs concentra-
tion and AOA was demonstrated. Parboiling reduces the concentra-
tion of TSPCs in the grains due to the loss of part of these
compounds in the water, thermal decomposition and, potentially, in-
teractions with other components. Additionally, the reduction in
TSPCs concentration is related to the lower AOA of these grains. Cook-
ing also reduces the concentration of phenolic compounds, mainly in
brown and polished grains, due to thermal decomposition.
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